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(g) Multi-mode torminad system. 



A multi-nrKxJe terminal system utilizes a single 
embedded processor (14) and a single RAM (12) 
for perlbnming modem operations, graphics/ 
video processing and general purpose control 
tasks. The display lists, frame buffer, font area, 
and embedded processor memory are located in 
the same single random acx^ess memory, thus 
allowing the use of a single RAM for DSP data, 
display lists, video buffers, voice compression/ 
decompression algorithms and embedded 
controller tasks. The system is adaptable for 
progrannming the desired video standard, modem 
type and display list fonmat Since both the 
video fiinctton and the embedded processor 
are supported tiy the same I^AM, a RAM arbiter 
(18) resolves bus contention. 
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Background of the Invention 

1 . Field of the Invention 

The present Invention relates generally to data 
processing systems and, In particular, to a processing 
system for home terminals that utilizes a single 
embedded processor and a single random access 
memory (RAM) for performing not only video/graphics 
tasks for a wkle range of video/graphics standards 
and modes, but also all functions and controls for a 
variety of nruxlem, votee algorlttim and general pur- 
poses operations. 

2. Discussion of the Prior Art 

A home terminal is a data processing system that 
is capable of receiving vkieo/graphtos data, e.g., text 
or pictures, from a communications medium, e.g., the 
telephone lines, processing the received Information, 
and presenting the data in vkleo/graphto form on an 
output device such as a display monitor or a printer. 
A home terminal is also capable of sending such data 
over the oomnnunication line to complete communi- 
cation link between the home terminal and another 
system at ttie other end of the line. 

Conventional home terminal systems are typi- 
cally character generator systems tiiat are based on 
a combination of a dedicated modules: a dedicated 
modem functton that is permanentiy programmed to 
receive/transmit only a limited number of nnodulated 
signal types, a dedicated video/graphics function that 
is capable of accommodating only a limited number of 
video/graphics standards and/or nK>de8, and general 
purpose processor or microcontroller dedicated to 
system operation. Furtiiemiore, the general purpose 
processor and the video/graphics function of these 
conventional dedicated home temninal architectures 
each utilize physically separate memory space, 
thereby increasing operational overhead. 

For example, ttie TS9347 CRT Controller man- 
ufactured by SGS Thomson is a character generator 
vkleo processor that requires a dedicated externa). 
RAM for ttie video functions and a different physical 
memory space for a separate embedded processor 
chip. The TS9347 device is also dedicated to a speci- 
fic tenfninal type. That Is, both ttie video and processor 
functions require separate hardware elements which 
are limited to particular video modes. For example, 
the TS9347 device cannot be utilized in a BTX system 
of the type used in Genmany or in NAPLPS home ter- 
minal implementation in tiie United States. 

The general architecture of a home terminal sys- 
tem that utilizes ttie TS9347 device, shown in Fig. 1, 
includes a dedicated modem chip that recovers 
incoming video/graphics data from ttie telephone line. 
A dedK:ated mkmcontroller processes Uie recovered 
data utilizing code retrieved from an associated read 



only memory (ROM) to build a corresponding display 
list which is stored in an associated microcontroller 
RAM. A dedicated TS9347 controller receives the dis- 
play list from the microcontroller and utilizes an Inter- 

5 nal character generator table to generate a video 
output data to an associated monitor. 

As stated above, in addition the limited appln 
cations provided by conventional home tenminal 
architectures, because of the need for separate mem- 

10 ory space for each of the processing functions, these 
devices require larger die area and exhibit high sys- 
tem overhead. 

Thus, it would be highly desirable to have avail- 
able a flexible home terminal system that supports a 

IS wide range of video standards (e.g., Teletel, Prestel, 
Acsil, BTX and NAPLPS) and modes (e.g.. Internal or 
extemal color look up tables), a wide range of mod- 
ems (e.g., V.21, V.22, V.22bis, Bell212, BelHOd, 
V.23. V27ter and V29), and Includes flexible voice 

20 compression/decompression capability. 

Summary of the Invention 

The present invention provides a multi-mode 
25 home temii nal system ttiat util izes a single embedded 
processor for performing modem operations, 
graphics/vkleo processing and general purpose con- 
trol tasks. The multi-mode home tenminal system sup- 
ports a wide range of video/graphics standards 
30 modems and voice compression/decompression 
algorittims. Home terminal Input data to be displayed 
on an associated monitor can be decoded to any dis- 
play list format or directly to ttie system's frame buf- 
fisrs. The display lists, frame buffer, font area, voice 
35 data and embedded processor memory are located in 
the same single random access memory, thus reduc- 
ing system overhead by allowing the use of a single 
RAM for DSP data, display lists, video frame buffers 
and embedded controller tasks. The system is flexible 
40 for programming the desired video standard, modem 
type, voice compression/decompresston algorithms 
and display list fonfnat Since both ttie video function 
and tiie embedded processor are supported by the 
same RAM, a RAM arbiter resolves bus contention. 
45 A better understanding of tiiefeatures and advan- 
tages of the present invention may be obtained by 
reference to the following detailed description of the 
invention and accompanying drawings which set fortii 
an illustrative embodiment in which the principles of 
60 ttie invention are utilized. 

Description of the Drawings 

Fig. 1 is a block diagram illustrating a conven- 
55 tional home tenninal system. 

Fig. 2 is a block diagram iilusti-ating a multi-mode 
home tenninal system in accordance with the present 
invention. 
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Fig. 3 is a flow chart illustrating data flow in a mul- 
ti-mode home temnlnal system in accordance with the 
present invention. 

Fig. 4 is a block diagram illustrating an embedded 
processor architecture utilizable in a multi-mode 
home tenfninal system in accordance with the present 
invention. 

Fig. 5 is a block diagram illustrating an integrated 
processing platform utilizable In the Fig. 4 embedded 
processor architecture. 

Fig. 6 is a block diagram illustrating the Fig. 5 inte- 
grated processing platform in greater detail. 

Fig. 7 is a block diagram Dlustrating a video func- 
tion utilizable in a multi-mode home temnlnal system 
in accordance with the present inventton. 

Detailed Description of the Invention 

Fig. 2 shows a multi-fnode home terminal system 
1 0 having a unique architecture that enables it to sup- 
port a wide variety of video/graphics standards and 
modes and a variety of nrK>dem fbnmats and voice 
compression/decompression algorithms. 

The home terminal system 10 includes a single 
random access memory (RAM) array 12 that supports 
both an embedded processor 14 and a video function 
1 6. A RAM arbiter 1 8 resolves contention for the RAM 
anray 12, which, in accordance with an aspect of the 
present invention, supports the entire home terminal 
system 10 by storing/loading embedded controller 
tasks, DSP data, display lists, video/graphics bit map 
and attribute franrw buffers and character font sets. 
The RAM anray 1 2 may comprise any one of a number 
of RAM types, e.g DRAM, SRAM, ViRAM. 

A read only memory (ROM) 20 stores the code 
and data constants (e.g. operands and fixed fonts) 
that are needed by the embedded processor 14 for 
performing DSP and general purpose operations. An 
analog front end 22 converts a modulated input signal 
received on an anatog communications channel, e.g. 
a telephone line, to a corresponding digital input sig- 
nal. An example of a device suitable for use as analog 
front end 22 is the NS32FX210 AFE available from 
National Semkx>nductor Corporatk>n. An analog front 
end (AFE) interface 21 provides serial-to-parallel con- 
version for signals received by the interfece 21 from 
the analog front end 22 and parallel-to-serial conver- 
sion for signals provided to the analog font end 22. 

The embedded processor 14, a preferred emt>o- 
diment of which will be described below, includes both 
modem and general purpose processor functionality. 

The programmable video function 16 generates 
sig nals that can be used for a simple black/white or for 
color monitor. As described in greater detail below, 
the video function combines a fetch machine, first-in- 
first-out (FIFO) memory for bit map data, dual line buf- 
fers for attributes data and a video mix processor. 

The vkleo function 16 fetches data finom the two 



frame buffers, i.e. the bit map frame buffer and the 
attribute frame buffer, located In the RAM 12. The 
video mix processor processes the data retrieved 
firom the bit map frame buffer according to the con- 

5 tents of the attribute firame buffer. The vkJeo mbc pro- 
cessor output is sent to the monitor (not shown) as the 
R, G, B component of the monitor. Since, as stated 
above, the same single RAM 12 is used for all func- 
tions, the vkleo functton 16 includes an internal FIFO 

10 as a buffer between the RAM 1 2 and a vkleo out shift 
register to allow the RAM 1 2 to be free of accesses by 
the video function 16 for monitor servicing during 
intensive DSP (nrK)dem) function execution by the 
embedded processor 14. 

15 The vkieo function 1 6 is controlled by the embed- 
ded processor 1 4 to generate diffarent selected moni- 
tor screen types. The programmability of the video 
functton 16 provides full flexibility for screen width, 
height, frequency rate and attribute types. 

20 The video functk)n 16 includes a mover module 
that, under the control of the embedded processor 1 4, 
provides direct memory access between the video 
functk)n 16 and RAM 12 when neither the embedded 
processor 14 nor the video function's fetch machine 

25 require the RAM bus. The nx>ver reads data from the 
character font sets stored in the RAM 12 and writes 
data to the bit map frame buffer in RAM 1 2. The mover 
can be used for filing the attributes frame buffer and 
for scrolling. 

30 As stated above, the RAM arbiter 1 8 controls and 
prioritizes accesses to the shared RAM 12. Thus, as 
shown in Fig. 1 . a VIDEO control input to RAM arbiter 
18 from the video function 16 results, for example, in 
a read access to the bit map and attributes frame buf- 

35 fers by the video function's fetch machine. A MOVER 
request from the video function 16 updates the frame 
buffer from the display list under control of the general 
purpose embedded processor (GPEP) 14. A general 
purpose GPEP request from the embedded pro- 

40 cesser 14 to the RAM arbiter 18 allows the embedded 
processor to generate a display list t>ased on the 
received data, convert the display list to conrespond- 
ing bit map and attributes frame buffers and perfonrn 
general purpose accesses. A DSP request by the 

45 embedded processor 14 provides foran access to the 
DSP area of RAM 12. 

The embedded processor bus access utilizes 
four dock cycles referred to as T1 , T2, T3 and T4. The 
embedded processor bus access can be expanded by 

so controlling the introduction of WAIT states between 
the T2 and T3 cycles. 

During the T1 cyde, the embedded processor 14 
issues an address that identifies the current embed- 
ded processor access (e.g. internal operand, external 

55 operand or instruction fetch; operand read/write; etc.). 

The RAM arbiter 18 monitors the address refer- 
ences issued by the embedded processor 14 to Iden- 
tify when the embedded processor 14 seeks access 
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to the RAM 12. Whenever there is no conflict with the 
embedded processor 14, the video function 16 uses 
the RAM tHis fdr its own purposes and, therefbre, 
'hides' many bus cycles of its own RAM bus usage. 

The embedded processor 14 can execute instruc- 
tion fetch cydes to the ROM 20 while the RAM bus is 
in use by the video function 16. This allows the 
embedded processor 14 to keep its instruction queue 
filled without interfering with the mover and video 
fetch machine. As stated above, the RAM arbiter 18 
can identify the appropriate RAM bus cycles within 
which to execute video function accesses to RAM 12. 

Fig. 3 shows the data flow within the home termi* 
nal system 10. As shown in Fig. 3, the embedded pro- 
cessor 14 processes the code for the modem function. 
Thus, the digital data coming from the telephone line 
via the conventional analog front end 22 (e.g. NSC 
NS32FX210 AFE) is decoded either directly to the 
frame buffer or, alternatively, to a desired display list 
format The filling of the frame buffer from the display 
list can be done with general purpose operations or, 
alternatively, with the two dimensional mover concur- 
rently with the embedded processor operation. 

The video function 16 continuously updates the 
screen with the current content of the frame buffer. In 
accordance with an aspect of the present invention, 
both VIDEO and MOVER transactions via the RAM 
arbiter 18 are usually hidden to the accesses of the 
emt>edded processor 14. This technique overcomes 
the bottleneck of embedded processor performance 
and RAM bus utiiizatk)n. 

The video function 16 uses dynamic FIFO zones: 
one for tiuly hidden access and one for normal cyde 
stealing. This meets the desired balance needed be- 
tween screen rate and RAM bus utilization. In accord- 
ance with a further aspect of the present invention, the 
video function 16 indudesdual line buffer storage for 
attributes data to minimize tiie accesses by the vkjeo 
function 16 to the RAM 12, since each attribute is the 
same for all lines of a single character. 

Fig. 4 shows a preferred emtx>diment of embed- 
ded processor 1 4 that utilizes a partitioned architec- 
ture. The embedded processor 14 is described in the 
context of ttie requirements of a modem system. How- 
ever, it will be understood by those skilled in ttie art 
that the principles of embedded processor 14 are 
applicable to any system which receives an incoming 
data signal that requires digital signal processing, 
induding video/graphics and voice data inputs. 

The embedded processor 14 shown in Fig. 4 
combines the functions of the analog firont end 22 and 
an integrated processing platfonnn 24. The integrated 
processing platform 24 indudes botii a digital signal 
processor (DSP) module 26 and a general purpose 
processor (GPP) 28. 

As stated above, \he analog front end 12 converts 
a modulated input signal received from an analog 
transmission channel, e.g. a telephone line, to a digi- 



tized replica of the modulated input signal. Similariy, 
the analog firont end 22 is capable of converting an 
outgoing digital signal to a corresponding analog sig- 
nal for ti^nsmission on tite channel. The 

5 received/transmitted data may be video/graphics data 
or, for example, voice data. The analog firont end 22 
can be implemented utilizing conventional integrated 
circuit designs avaflable for this purpose. 

As stated above, the integrated processor plat- 
to fonm 24 indudes a DSP module 26 that recovers digi- 
tal datafirom the digital signal generated by the analog 
firont end 22. The DSP module 26 indudes a proces- 
sing nnechanism that condltbns the digital signal utili- 
zing an algoritiim comprising a selected sequence of 

16 DSP operations. 

The general purpose processor 28 controls the 
DSP module 26 and processes tiie digital data gen- 
erated by the DSP module 26 to a desired end result 
For example, if vMeo/graphlcs data Is being received 

20 by the home tenninal system 1 0, ttien the general pur- 
pose processor may convert the data to a correspond- 
ing display list which is stored in the RAM 12. 

As further shown in Fig. 4, while in many appli- 
cations, the analog firont end 22 wOl be utilized to con- 

25 vert a modulated Input signal received on an analog 
channel to a corresponding digital signal, there are a 
growing number of applications (e.g., ISDN and T1) in 
which a digital input signal will be received by the inte- 
grated processor platfomn 24 directly from a digital 

30 source. 

Referring to Fig. 5, both tiie DSP module 26 and 
the general purpose processor 28 are connected to 
an internal bus 30, allowing botii the DSP module 26 
and the general purpose processor 28 to communh 

35 cats with the RAM 1 2 and ROM 20 via a conventional 
bus interface unit 32 for transfer of control/status infor- 
mation and addresses/data therebetween. It will be 
understood by those skilled in the art that the internal 
bus 30 comprises both an internal address bus for 

40 handling address references by the DSP module 26 
and the general purpose processor 28 and an internal 
data bus for handling instruction and data transfers. 

To save bus bandwidtii, the DSP module 26 
stores operands used in executing DSP algorithms in 

45 an internal RAM memory array 34 which is also 
accessible to general purpose processor 28. That Is, 
the internal memory array 34 serves as a shared 
resource for both the DSP module 26 and the general 
purpose processor 28. In the illustrated embodiment, 

so the intemal nnemory 34 is shown as accessible by 
both tiie DSP module 26 and tiie general purpose pro- 
cessor 28 via the Intemal bus 30. It will be understood 
by those skilled in the art tiiat otiier bus structures 
would also provide the desired shared accessibility to 

55 the intemal memory array 34; for example, tiie inter- 
nal memory anray 34 could be implemented as a dual 
port memory. 

The DSP nfiodule 26 may fetch operands in par- 
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allel from the internal menrx>ry array 34 and the system 
nnemory, i.6. RAM 12. 

The DSP module 26 executes vector operations 
on complex variables that are optimized for DSP 
applications. The general purpose processor 28 
treats the DSP module 26 as a memory mapped I/O 
device that occupies a reserved memory space, inter- 
facing with the DSP module 26 via a set of memory 
mapped registers. 

As shown in Fig. 6, high performance is achieved 
in the DSP module 26 by using the internal shared 
memory array 34 as well as a multipller/accunrujlator 
36. The DSP module 26 also includes its own internal 
address generator 38 for system memory 12 and for 
interna) operand accesses to menrK>ry array 34, thus 
reducing the load on the general purpose processor 
28. Both the multiplier/accumulator 36 and the 
address generator 38 are conventional implemen- 
tations. 

In the operation of the embedded processor 14, 
the general purpose processor 28 selects from a 
basic set of DSP operations to define a specific sequ- 
ence of operations as the DSP algorithm to be exeo- 
uted by the DSP nrKKlule 26 for recovering data from 
the incoming digital signal. The general purpose pro- 
cessor 28 then accesses RAM 12 to retrieve operands 
required for execution of the selected DSP algorithm 
and/or instructions and data critical to ttie general pur- 
pose processor 28 for controlling the DSP module 26 
or for performing general purpose tasks and loads 
them into the internal RAM array 34. The general pur- 
pose processor 28 then invokes the first DSP oper- 
ation in the selected sequence by issuing the 
corresponding command to the control register of the 
DSP module 26. The DSP nfioduie 26 then places the 
general purpose processor 28 in a continuous WAIT 
state while it perfonns the first DSP operation utilizing 
operands retrieved by the address generator 38 from 
the internal an^y 34 and system memory 12. Upon 
completion of tiie DSP operation, the DSP module 26 
cancels the continuous WAIT state and the general 
purpose processor 28 then either reads the status of 
the DSP module 26 or ttie result of the DSP operation 
or carrier on with the execution of Its normal program 
flow, which may be either invoking the next DSP oper- 
ation In the selected sequence by issuing the approp- 
riate oomniand to the DSP module control register or 
perfbnmance of a general purpose task. This process 
continues until the selected sequence of DSP oper- 
ations has been completed. The general purpose pro- 
cessor may then download tiie contents of the shared 
internal RAM array 34 and retrieve a new set of 
operands, instructions and data for furttier DSP oper- 
ations or general purpose processing tasks. 

Addittonal information relating to the above-des- 
cribed preferred embodiment of emt>edded processor 
14 may be obtained by reference to co-pending and 
commonly-assigned U.S. Patent Application Serial 



No. 467,148, filed January 18, 19g0, by Intrater et at, 
which application is hereby incorporated by refer- 
ence. 

An example of the at)Ove-described preferred 

5 embodiment of embedded processor 14 is the 
NS32FX16 High Performance Fax Processor, avall- 
abte from National Semiconductor Corporation. 

Fig. 7 shows the video function 16 of the home 
tenninal system 10 in greater detail. As stated above, 

10 the video function 16 is combination of a fetch 
machine 40, a FIFO 42 for storing bit map data, a pair 
of line buffsre 44a and 44b for storing attributes data 
and a mix video processor 46. 

As stated above, ttie video function 16 fetches 

IS data from the two frame buffera, i.e. the bit map frame 
buffer and the attributes frame buffer, located in the 
RAM 12. The mix video processor 46 processes the 
bit map frame buffer data stored in FIFO 42 according 
to ttie atbibute frame buffer data stored in the line buf- 

20 fers 44a,44b. The output of the mix processor 46 is 
sent to tiie monitor as R. G, B screen components. 

Both ttie fetch machine and the mover can issue 
VIDEO access requests to ttie RAM 12. If botti func- 
tions issue a VIDEO access request simultaneously. 

26 then a configuration bit set by the embedded pro- 
cessor 14 determines priority. In general, if the access 
is to a shorter area of RAM 12, then the mover has 
priority. If the access Is to a larger area of RAM 12, 
then ttie fetch machine has priority. If ttie bit map FIFO 

30 is below its threshold level, ttien priority changes and 
the access also has priority over access to the RAM 
12 by embedded processor 14. 

As stated above, the video block 16 is controlled 
by ttie embedded processor 14 to generate different 

35 screen types, the programming of the video being a 
simple flexible mechanism for determining screen 
widtti, height, frequency rate and attribute types. 

The fetcher 40 fetches frame buffer data from the 
RAM 12 for the two attributes line buffers 44a. 44b or 

40 for ttie bit map FIFO 42 according to the priority assig- 
ned to tiie RAM arbiter 18. As shown in Fig. 7. the 
fetcher 40 includes two counters, one for the attribute 
line buffere and one for ttie bit map FIFO 42. The line 
buffers 44a,44b are filled from the attribute frame buf- 

45 fer inside the RAM 12 according to ttie value of 
counterl. The bit map FIFO 42 is filled from ttie bit 
map frame buffer inside the RAM 1 2 according to the 
value of oounter2. 

Since two line buffers 44a,44b are provided for 

so attributes data, when ttiere is a cross in character 
lines, ttie buffere are switched. One buffer is for dis- 
playing the attributes and the ottier Is for filling them. 
Priority logic inside the fetcher 40 ensures that, at the 
end of a character line, ttie next buffer is filled. Every 

55 attribute will be fetched once per screen and used for 
x pixels (x is the character widtti) and in y lines (y is 
the character height). 

The bit map FIFO 42 always requests the next 
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data. The size of the FIFO 42 is programmable to 
meet the balance between perfonnance and bus utili- 
zation for each different screen mode. The FIFO 42 
has low priority generally, but its priority increases 
when its threshold is higher than the number of bytes 
inside the FIFO 42. Every pbcel data is fetched once 
per display screen. 

The mix video processor 46 translates pixel bit 
map data and attributes into R, G and B components. 
The bit n^p data is affected by the corresponding 
attribute in the line buffer. The attributes relate, for 
example, to blink, foreground color, background color, 
inverse, etc. 

As shown in Fig. 7, the docks to the mbc video pro- 
cessor 46 come from the screen nrK>de definition 
which can be programmed by the embedded pro- 
cessor 14. 

It should be understood that various alternatives 
to the embodiments of the invention described herein 
may be employed In practicing the invention. It Is 
intended that the following daims deflne the scope of 
the inventton and that the structure and methods 
within the scope of these dalvns and their equivalents 
be covered thereby. 



Claime 

1. A multi-mode tenninal system for recovering 
video/graphics information received from a com- 
munications medium for display on an associated 
output device, the temnlnal system comprising: 
line Interface means (21) for converting the 
video/graphics information received from the 
communications medium to a corresponding digi- 
tal signal; 

an embedded processor (14) for processing the 
digital signal to generate bit map frame buffer 
data and corresponding attributes frame buffer 
data; 

vkieo processor means (1 6) for processing the bit 
map frame buffer data and attributes frame buffer 
data to generate display data that is provided to 
the output device; and 

a shared RAM array (12) for storing digital data, 
the digital data induding the bit map frame buffer 
data and the attributes frame buffer data, and 
connected for access by both the embedded pro- 
cessor and the video processor means such that 
the embedded processor may access digital data 
stored In tiie shared RAM array and tiie video pro- 
cessor means may retrieve bit map frame buffer 
data and attributes frame buffer data from the 
shared RAM array. 

2. A terminal system according to daim 1 wherein a 
control for the storing of the buffer data is located 
in the video processor means (16). 
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3. A terminal system according to daim 1 wherein a 
control for tiie storing of the buffer data Is an 
access mechanism located in the embedded pro- 
cessor (14). 

4. A tenminal system according to any foregoing 
claim wherein the output device comprises a dis- 
play monitor or a printer. 

5. A temnlnal system according to any foregoing 
claim wherein tiie shared RAM array comprises a 
DRAM array, such as a VRAM, or a SRAM array. 

6. A temiinal system according to any foregoing 
claim wherein the video processor means (16) 
indudes a RAM arbiter (1 8) responsive to access 
addresses Issued by the embedded processor 
(14) to arbitrate accesses to the RAM array by the 
embedded processor and the video processor 
means. 

7. A tenminal system according to daim 6 wherein 
the video processor means further comprises: 

a fetch machine (40) for retrieving bit map frame 
buffer date and conesponding atfributes frame 
buffer date from the RAM array; 
a bit map FIFO (42) for storing tiie bit map frame 
buffer date retrieved by the fetch machine; 
line buffer storage means (44) for storing the cor- 
responding attributes frame buffer date retrieved 
by tiie fetoh machine; and 
mix video processor means (46) for translating 
the bit map frame buffer date stored in the bit map 
FIFO and tiie corresponding attributes frame buf- 
fer date stored in the line buffer storage means to 
the display date that is provided to the output 
device. 

8. A tenninal system according to any foregoing 
claim wherein tiie output device is adapted to dis- 
play R, G, 6 screen component date. 

9. A tenminal system according to any foregoing 
daim and adapted for recovering the said 
vkJeo/graphics information received from an 
analog communications medium, the system 
induding: an analog front end (22) for receiving a 
modulated analog video/graphics Input signal 
from tiie analog communications medium and 
converting the analog video/graphics input signal 
to a corresponding serial digital input signal; the 
line interfece means being arranged for convert- 
ing the serial digitel input signal to a parallel digital 
input signal for use by the embedded processor. 

10. A tenninal system according to any foregoing 
claim wherein tiie embedded processor (14) 
indudes means for perfomiing general purpose 
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processor tasks. 



11. A terminal system according to any foregoing 
claim and further including means for processing 
voice data. 



12. A method of processing video/graphics infor- 
mation received from a communications medium 
for display on an associated output device, tlie 
method comprising: io 

(a) converting the video/graphics infonniation 
received from the communications medium to 
a corresponding parallel digital input signal; 

(b) processing the parallel digital input signal 

to generate bit map frame buffer data and cor- is 
responding attributes frame buffer data; 

(c) storing the bit map frame buffer data and 
the corresponding attributes frame buffer data 
in a shared RAM array; 

(d) retrieving the bit map frame buffer data and 20 
the corresponding attributes frame buffer data 
from the shared RAM array; and 

(e) processing the bit map frame buffer data 
and the corresponding attributes frame buffer 
data retrieved from the shared RAM anray to 25 
generate display data; and 

(f) providing the display data to the output 
device. 



13. A method of processing video/graphics infor- 30 
mation received from an analog comnminicatlons 
medium for display on an associated monitor, the 
method comprising: 

(a) converting an analog video/graphics Input 
signal received from the analog communi- as 
cations channel to a corresponding serial digi- 
tal input signal; 

(b) translating the serial digital input signal to 
a corresponding parallel digital input signal; 

(c) processing the parallel digital input signal 40 
to generate a corresponding display list' 

(d) storing the display list in a shared RAM 
array; 

(e) retrieving the display list from the shared 
RAM array and processing the display list to 4S 
generate bit map frame buffer data and corre- 
sponding attributes frame buffer data; 

(f) storing the bit map and corresponding attri- 
butes frame buffer data in the shared RAM 
array; so 

(g) retrieving the bit map and corresponding 
attributes frame buffer data from the shared 
RAM array and processing the bit map and 
corresponding atbibutes franne buffer data to 
generate R, G, B screen components data; 55 
and 

(h) providing the R, G, B screen components 
data to the monitor. 
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